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1.0

INTRODUCTION

1.

1

SUMMARY

This report documents the geotechnical design of a 270 foot
high embankment to retain tailings at Reservation Canyon.
It covers the site's geological and seismicity studies,
subsurface and laboratory investigation, embankment design
criteria, and site hydrology. This dam is located within
4000 feet of the old town of Mercur, Tooele County, Utah,

within the Mercur Gold Project Area.

The design life of the Pond is 12 years. One million cubic
yards of tailings will be deposited during the first year,
and 0.8 million per year during the remaining 11 years. The
total impoundment volume will be 9.8 million cubic yards.
The embankment shall be constructed in stages to minimize
initial capital investment. Its final height shall be 270
feet. The Stage I embankment will store two years of
operation. Stage II will hold a total capacity of 5.8
million cubic yards. Stage III completes the storage

capacity to a total of 9.8 million cubic yards.

Topographical characteristics dictate the need for con-
structing a saddle dam north of the left abutment of the
main dam. Foundation materials for the main dam consist
primarily of a colluvium deposit of silty sand and lime-

stone fragments ranging in size to large boulders. A thin
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INTRODUCTION (cont'd)

bed of clay is also found in the right abutment, downstream
from the centerline of the dam. Overlayed by the colluvium
is a limestone formation. This rock is fractured and
jointed having a high permeability. The only exception is
in the upstream foundation area where the Manning Canyon
shale outcrops instead of the limestone. The contact
between limestone and shale has been studied in some detail
using borings, seismic refrac¢ction, and geologic mapping.

No foundation investigation has been performed for the
saddle dam. Consequently, its final position and design

is subject to a possible change depending on foundation
conditions. The saddle dam will have an ultimate height

of 85 feet. Except for its smaller size, the final design
cross—-sections of the saddle dam is expected to be iden-
tical to that of the main dam. Its construction will be
staged following the same scheme outlined for the main dam.
The same criteria have been applied for the design of both

dams.

The embankment design consists of a zoned embankment with
an upstream inclined core shown in Figure 15. The 1.5 to 1
upstream slope will consist of sandy to clayey gravel

with boulders and cobbles. The core material is composed
of broken-down Manning Canyon shale and clay from the

impoundment area. Figure 6 shows the borrow area for the
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INTRODUCTION (cont'd)

core material. Filter materials shall be borrowed from
outside the project area; and shall possess characteristics
specified in Appendix A of this report. The downstream

shall consists of sandy to clayey gravel with boulders

and cobbles. The downstream slope shall be protected from
erosion by a 10 foot wide strip of rockfill having a maximum
particle size of 1 foot. The downstream slope shall be 2

horizontal to 1 vertical.

*

Hydrologically, the site is in a semi-arid area. Annual
evaporation exceeds annual precipitation. The Probable
Maximum Precipitation, PMP, for a duration of 24-hours is 10.5
inches, and was determined using data from the U.S. Water
Bureau. Based on the PMP, the PMF, Probable Maximum Flood,

was determined. The embankment is designed to store one-half
of the PMF. This is conservative because its probability of
exceedence over a period of 12 years is less than 1.127%. No
diversion ditches are planned for precipitation runoff,

since the dam will always have enough freeboard to impound

runoff.

Construction of intermediate stages will be started in time
to maintain, at all times, sufficient freeboard to store,

safely, runoff from the design storm.
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INTRODUCTION (cont'd)

Seismically, the area of the site is in an area of high
seismic risk. The primary fault zone is the Wasatch

Fault. This fault is considered capable of generating a
magnitude 7.5 earthquake. However, it has not produced any
significant earthquake (M = 5 to 5.5) during the last 133
years -- the period of historical earthquake records.

If this earthquake were to originate on the Wasatch Front
(the fault segment closest to the site), the focal distance

would be approximately 35 kms.

Another fault of concern is the West Mercur Fault located
at the mouth of Mercur Canyon four miles west of the site.
Examination of the fault scarp indicates that it has been

formed by events of approximately magnitude 7 (21).

Limit equilibrium slope stability analysis has been per-
formed to check the embankment stability against rotational
slides under end of construction conditions and for full
reservoir conditions under both static and earthquake

1oédings.

A seismic coefficient of 0.lg was used in pseudo-static
earthquake analysis. Details of the analysis are summar-

ized in Section 7.



1.0  INTRODUCTION (cont'd)

A simplified deformation analysis was performed to evaluate
approximate permanent displacement due to a magnitude 7.5
earthquake originated at the Wasatch Fault and a magnitude
7.0 earthquake originated at the West Mercur Fault. Based
on these analyses, we estimate deformations of the order of
1 foot for the Wasatch earthquake and 3 feet for the West
Mercur earthquake. These displacements can be tolerated by
the dam structure without complete failure since seismic
resistant features (e.g. relatively wide filters and core)

have been included in design.

A monitoring program will be implemented to monitor move-
ment and pore pressures during construction and operation.
Should any anomaly be detected, the design shall be checked
under the unexpected conditions, and remedial measures
taken, if needed. This program shall be directed by a

qualified geotechnical engineer.

122 Site Location and Description
The proposed tailings impoundment facility is located
in the northeast quarter of Section 5 in Township 6
South, Range 3 West, Salt Lake Base and Meridian. This
site is an unpopulated drainage basin 5 miles west of
Cedar Fort and 4 miles south of Ophir, the closest towns.

The impoundment area is to occupy Reservation Canyon, a



1.0 INTRODUCTION (cont'd)

» seasonal drainage course just northeast of the abandoned
town of Mercur, as shown on Figure 1. The embankment will
be constructed across a narrow section of the canyon. In

L . ol |
the vicinity of the embankment, the canyon walls are
moderately steep with maximum slopes being on the order of
1.5 horizontal to 1.0 vertical. At elevation 7260 feet

® . : , .
(maximum dam elevation) the canyon width is approximately
1250 feet. The impoundment area essentially consists of
the head of Reservation Canyon where the drainage course

- widens and divides into a system of relatively small,
individual drainages. At its maximum projected elevation,
the impoundment area occupies approximately 70 acres. Two

L] :
relatively low saddle areas are noted along the northern
and southern perimeters of the impoundment area. The
minimum elevation of the northern saddle area is approxi-

. mately 7368 feet, while the southern saddle has a minimum
elevation of 7207.5 feet.

» Vegetation within the area generally consists of a moderate
growth of brush and small trees.

.

-

®



DESIGN CRITERIA

2.1

2.2

2.3

Scope

These design criteria establishes the basic parameters for
the design and permit submissions for the Mercur Gold
Project tailings dam and associated structures, located at

Reservation Canyon.

Design Life
The design life for the active tailings pond will be 12
years. The required storage volume was specified by Getty

Mineral Resources as:

1 million cubic yards for the first year

0.8 million cubic yards for each of the remaining
years

9.8 million cubic yards of tailings will be impounded

by the end of operation.

Regulatory Requirements

Permits are required for the construction of the Mercur
Gold Project tailings dam. Approval of plans and specifi-

cations for the tailings dam construction will be processed

through tne following Utah State Agencies:

Utah Department of Natural Resources

Utah Department of Health
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DESIGN CRITERIA (cont'd)

2.4

The Submission to the Department of Natural Resources

will cover their requirements for:

Review of the tailings dam design, slope stability,
safety, and long term monitoring, as well as construction
plans, specifications and construction control through the

Division of Water Rights, Office of the State Engineer.

The submission to the Department of Health will cover
their requirements for review of the tailings dam and
impoundment design with regard to possible discharge

of pollutants to the environment (ground water and air).
This review will be carried out by the Bureau of Water

Pollution control.

Final reclamation plans have been approved prior to the
preparation of this document by the Division of Gas, 0il,

and Mining.

Hydrology

The storage capacity of each stage Office of State
Engineer

of the dam will accommodate 1/2 the

volume of the Probable Maximum Flood, PMF,

in addition to the tailings storage.

No spillway will be provided for the embankment.



2.0 DESIGN CRITERIA (cont'd)

2.5

2.5.1

2.5.2

The PMF will be determined from the 24-hr.

Probable Maximum Precipitation, PMP.

PMP = 10.5 inches US Weather Bureau
10 year 24 hour storm

precipitation = 1.78 in.

Embankment Design Criteria

Embankment Construction:

The embankment will be constructed in the following

stages:

Stage I - The embankment shall be capable of safely
storing 1.8 million cubic yards of tailings.

Stage II - The embankment shall be capable of safely

storing 5.0 million cubic yards of tailings.
Stage III - This completes the embankment. The total
capacity is 9.8 million cubic yards of
safely stored tailings.
Embankment Freeboard:
Each stage of the embankment shall be designed to
include freeboard to store the design flood plus 1.5
times the wave height plus an additional 4 ft. to
account for crest damage due to frost penetration
and safety factor. Freeboard is defined as the vertical

distance between the crest of the dam and the normal

operating pool level.
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DESIGN CRITERIA (cont'd)

2.5.3

2.5.4

2.5.5

Embankment Settlement:

The embankment settlement is estimated as 0.8 percent
of its total design height. Consequently, allowance
shall be made for this expected settlement during

construction, particularly during the final stage.

Impervious Core Thickness

The core width, at any depth, shall be 25 to 40 percent
of the design water head above it. The actual thickness
will depend on the availability, quality, and cost of the

core material.

Filter Design Criteria:

1. The particle size, D15, of the filter material
shall be at least five times as large as the D15 size
of the soil being protected by the filter. (D15 is
the particle size coarser than the finest 15% of the

soil or filter.)

2. The D15 size of the filter shall not be larger
than five times the D85 size of the protected

soil.

3. The gradation curve of the filter shall be specified
to have approximately the same shape as the gradation

curve of the protected soil.
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DESIGN CRITERIA (cont'd)

4.

Wherever the protected soil contains a large percent-
age of gravel, the filter will be designed on the
basis of the gradation curve of the portion of the
material which is finer than a No.4 United States

Standard sieve.

Filters shall contain less than 5% of fines passing
the No. 200 sieve, and the fines shall be cohesion-
less. A greater percentage of cohesionless fines may
be permitted if permeability tests show that the
filter material is sufficiently pervious to transmit

all of the seepage discharge within the filter zone.

The D50 size of the filter should be less than

25 times the D50 size of the protected soil.

Darcy's law will be utilized to determine the o

required filter permeability.

Wherever slotted pipes are used in drainage systems,
the following criteria shall apply to protect the
filter particles from clogging the pipe:

D85F = 1.2
Slot width
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DESIGN CRITERIA (cont'd)

2.5.6

2.5.7

2.5.8

Design Earthquake:

An examination of known active faults and historical
earthquakes in a 200 mile radius of the site will be
used to determine the magnitude of the design earth-
quake and the value of the maximum ground accelera-
tion at the foundation rock (competent rock). The

study will be based on data available in the literature.

The selection of a Seismic Coefficient for Pseudo-static
Analysis will be based on the design earthquake magni-
tude. The seismic coefficient will be assigned in
accordance with the following criteria (13) provided the
maximum crest acceleration is less thanm 0.75g:

For M = 6-1/2 = 0.1¢g
For M = 8-1/4 = 0.15 g

Blasting Effects:
Limits on future blasting (charge per delay), near
the dam site, will be set to limit induced ground

accelerations to values that will not damage the embank-

ment .

Stability Analysis:

The following design conditions will be considered:

1. Static stability at the end of construction.

2. Pseudo-static stability at the end of construction.

3. Static stability during the design flood at the
end of operation.
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DESIGN CRITERIA (cont'd)

2.5.9

4. Static stability during normal operating conditions
at the maximum normal pool level.

5. Pseudo-static stability during normal final operating
conditions.

The allowable factor of safety for each case will be:

Case Safety Factor
1 1.3
2 1.15
3 1.4
4 1.5
5 1.15

The above values for the factor of safety may be modified
later if increased knowledge of site conditions and/or
embankment material properties warrants it. In general,
the pseudo-static stability analysis should be used only
as a guide and greater weight shall be given to the

deformation analysis required under paragraph 2.5.10.

The design shall consider a zoned embankment, and the
tailings impounded in the reservoir. The tailings
shall be assumed to be liquified during the design

earthquake.

Liquefaction Potential
Dry materials and well compacted coarse grained clayey
materials are highly resistant to liquefaction even under

high magnitude earthquakes (M = 6.5 to 7.5).
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DESIGN CRITERIA (cont'd)

2.5.10 The Newmark (10) method of analysis as modified by

2,5.11

2.5.12

Franklin and Chang (6) will be used to determine approxi-
mate earthquake induced deformations due to the design

earthquake.

Confirmatory dynamic response analysis shall be performed

if:

(a) There is considerable evidence from the seismicity
study that an earthquake of magnitude greater than 7
should be postulated for design.

(b) If foundation conditions or embankment material
properties produce concern for excessive deforma-
tions under the design earthquake.

Location of the Phreatic Line

The phreatic line will be determined assuming an aniso-

tropic ratio (horizontal to vertical) of permeability of

9 for the core material (4). The filter and shell materi-

als will be assigned a ratio of 15. Permeability values

will be determined by appropriate laboratory testing.




3.0 GEOLOGY
3.1 Regional Geology

The proposed dam site in Reservation Canyon is located in
the southern Oquirrh Mountains, a generally north-south
trending range approximately 30 miles long by 6 to 12 miles
wide. This mountain range is in the eastern portion of the
Basin and Range structural province, west of the Wasatch
Range and east-southeast of the town of Tooele, Utah.

Figure 1 shows the generalized surface geology of the site.

3.2 Stratigraphy
The bedrock in the vicinity of the dam site includes
Paleozoic and Mesozoic limestones, quartzites and shales

and Eocene igneous rocks.

The principal geological units exposed at the site are
the upper Great Blue Limestone, the Manning Canyon Shale
and the basal Oquirrh Formation. The upper Great Blue
Limestone (Mgbu) (upper Mississippian) consists of a
monotonous 2750 foot thick sequence of massive bedded,
medium gray, dark grey and blue grey, aphanic to finely
crystalline limestones which overlie the medial Long
Trail shale member (2). This is in turn overlain by the
Manning Canyon Shale (MPmc) (Mississippian-Pennsylvanian),
a black, thinly bedded, recessive carbonaceous to calcar-

eous shale with interbedded limestone and quartzite. The
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3.0 GEOLOGY

3.3

(cont'd)
average thickness of the Manning Canyon shale is 1500-1600
feet (9). It is gradationally overlain by the Hall Canyon
member of the Oquirrh Formation (Phc) (Pennsylvanian),
which consists of approximately 900 feet of dark to medium
brown-grey bioclastic and crystalline limestones with local

orthoquartzites.

Igneous rocks in the Mercur area include stocks, sills
and dikes of granodioritic to rhyolitic compositions
emplaced during early Tertiary time. The nearest igneous
rock, the Eagle Hill rhyolite porphyry, crops out about

one mile south of the dam site.

Structure

During Laramide deformation (approximately 65 million years
ago) the sedimentary strata were folded into a series of
large, generally north-northwest trending anticlines and
synclines. The proposed dam site is situated on the

eastern flank of the Ophir Anticline, approximately 1.9
miles east-northeast of the fold axis. The Pole Canyon

Syncline fold axis lies east of the dam site.

Some faulting observed in the area is attributed to the

Laramide folding (12). Other faults evident in the area are
associated with the Eocene igneous activity. The third and
most significant fault system developed in the area is the

Basin and Range structural deformation.




3.0 GEOLOGY (cont'd)

3.4

The main phase of normal faulting of the Basin and Range
structural deformation began in Miocene time. The West
Mercur fault which forms the western boundary of the

Oquirrh Mountains and is located approximately 4 miles south
70 degrees west of the dam site, is related to this event.
Both the West Mercur Fault and the Wasatch fault, located
parallel to and east of the West Mercur fault, exhibit

evidence of recent seismic activity (5, 6, 7). See Figure 2.

Local Geology
Preliminary geologic mapping of the dam site was done by
Woodward Clyde Consultants (23) in November and December,

1981. See Figure 3.

The majority of the proposed dam footprint in Reservation
Canyon will overlay the upper Great Blue Limestone. At

this location, the upper Great Blue is a hard, strongly
jointed rock with open partings along bedding planes (19).
The average bedding strike is north 22 degrees west with an
average dip of 45 degrees north. The dominant joint orient-

ation is a northeasterly strike with a vertical dip.

The southeast side of the dam footprint and most of the
proposed reservoir is underlain by the Manning Canyon

Shale. The contact between the Great Blue Limestone and
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3.0 GEOLOGY (cont'd)

the Manning Canyon Shale is defined on the basis of calcar-
eous shale being the dominant rock type over dark blue-grey
limestones. The shale unit is a valley-former and the
majority of it is covered by colluvium and/or alluvium.
Secondary calcite and quartz stringers are evidence of
hydrothermal alteration. The strike and dip of this unit is
variable although in general is similar to that of the Great
Blue Limestone. This’variability of dip may be explained

by increased deformation during folding resulting from

the location of the shale between two thick and competent

limestone strata.

Interbeds of limestone and quartzite exist within the
Manning Canyon Shale. One such medial sequence, 100 to 400
feet thick, was identified within the reservoir area (23)%
Most of the site is covered by colluvium and/or alluvium.
The colluvium is generally rocky whereas the alluvium is
finer grained. These unconsolidated deposits range in
thickness from 10 to 20 feet on the slopes beneath the
proposed dam abutment to 20 to 80 feet along the valley
floor. A maximum thickness of 102 feet was encountered at

one test site (19).

A 50 to 60 foot thick heterogeneous, rock debris deposit

covers a major portion of the reservoir floor.



3.0 GEOLOGY (cont'd)

3.5

Local Faulting

Within Reservation Canyon, strong linears are evident on
an aerial photograph of the area. A probable explanation
of these generally east-west trending, subparallel features

is that they represent fault zones.

One of these fault zones crosses the dam foundation area,
according to Woodward-Clyde investigations, putting the
Manning Canyon "in fault contact with the Great Blue
Limestone beneath part of the upstream toe area" (19).No
openings were observed in the fault zone but "the true
nature and‘extent of the fault . . . is still poorly
known", (23).This shall be clarified during the foundation

excavation.

These inferred faults are transverse to the trend of the
potentially active faults in the region (Wasatch and
West Mercur), i.e. they do not appear to be part of the
same fault system. Their orientation is more analagous

to faults associated with the Laramide deformation.



4.0

SEISMICITY AND FAULTING

4.1

Active Faults and Seismic History.

The site area lies along the western edge of the Intermountain
Seismic Belt, a north-trending zone of seismicity interpreted
as the boundary between two subplates of the North American
Plate. The belt extends along the boundary between the Rocky
Mountain and the Colorado Plateau physiographic provinces on
the east and the Basin and Range physiographic province to

the west from southwestern Utah to the Canadian border.

In the Utah area, the Intermountain Seismic Belt is deline-
ated by a series of active fault zones. The primary
fault zone in this area is the 370-mile long Wasatch fault
which extends from Gunnison, Utah, northward to Malad City,
Idaho. The Wasatch fault passes through Salt Lake City
along the geologic break referred to as the Wasatch Front.
Other active fault zones in the Utah area included the
Hansel Valley fault to the north and the Sevier, Hurricane
and Elsinore fault systems to the south. The general
seismicity of these fault zones is demonstrated by con-
centration of earthquake epicenters presented on Figure 4.
A list of earthquakes which may have affected Tooele and

Rush Valleys is shown in Table 1.

In the immediate dam site area, the largest seismic events
include a magnitude 5.2 earthquake which occurred near Magna,

Utah (approximately 20 miles to the north) on September 5,
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4.0

SEISMICITY AND FAULTING (cont'd)

1962; a magnitude 5.5 event which occurred near Eureka, Utah
(approximately 50 miles to the south), August 1, 1900; and a
4.2 event which occurred in the Stansbury Mountains. The

largest recorded seismic event which has occurred in the Salt
Lake City area was a magnitude 5.5 event occurring on May 22,

1910 (5).

The closest potentially active fault is the West Mercur fault,
four miles southwest of the dam site. See Figure 3. This is a
"range front" fault caused by west-trending extensional
stresses during the past few million years. Evidence of
quaternary surface faulting (5) suggests at least two fault
movements between 12,000 and 6000 years ago. After review of
aerial-photography and other geological and seismological
data, Woodward Clyde Consultants concluded that no appreci-
able movement has occurred during the last 2000 years. The
return period for this fault is estimated at about 5000 to

6000 years.

The Wasatch fault has been studied recently (3, 17). Results
from these studies indicate that this fault is capable of
producing a magnitude 7.5 earthquake during a maximum
estimated return period of 430 years. These results are
based on detailed geological and seismological work and

are not substantiated by recent historical data. There has



4.0  SEISMICITY AND FAULTING (cont'd)
been no earthquake of significant magnitude (M = 5 to 6)
generated by the Wasatch fault over the last 133 years, the

period of documented seismic history.

4.2 Design Earthquakes
As a result of reviewing the seismic data for this region,
two possible sources of critical seismic loading are

postulated for the purpose of earthquake analysis:

A magnitude 7.5 earthquake generated by the Wasatch fault.
The epicentral distance is 34 kms. This fault dips 60
degrees to the southwest, the focal depth is approximately
10 kms, the focal distance is approximately 35 kms, and the

closest distance to the fault scarp is 40 kms.

A magnitude 7.0 earthquake generated by the West Mercur
fault. This fault dips about 60 degrees to the southwest,
the focal depth is approximately 10 kms, and the focal
distance is about 15 kms. The epicenter is about 11 kms
from the dam (20). and the closest distance to the fault

scarp is 6.4 kms.

0f the two faults, the Wasatch fault has the shorter return
period. Hence, it is the most likely to produce an earthquake

in the near future.
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5.0

FIELD INVESTIGATION

A field investigation has been implemented to gather data on:
a) Impoundment foundation conditions

b) Embankment foundation conditions

c) Characterization of borrow material, sources, and their
availability in adequate quantities and quality.

The investigative techniques used and their purpose are listed in

Table 2.
The field work was carried out by:

1) Dames and Moore (4) - who performed a preliminary investiga-
tion of the embankment foundation, and a detailed geotechnical
characterization of the impoundment area. Details of this

investigation are shown in Table 3.

2) Woodward Clyde Consultants (18, 19, 21, 22) - who executed a
program devised by Davy McKee Corporation. This program
included geological and geophysical investigations of the
embankment and impoundment areas. In addition, 17 borings
were drilled in the embankment area. Details of the borings

are found in Table 3.

A plan view showing test pits and borings performed for the

subsurface investigation is shown in Figure 5. Typical cross-—

sections are shown in Figure 5A. Figures 6A and 6B show geologic |
mapping of borrow areas for core and shell materials. Details of

the subsurface investigation work are shown in the following

reports:



|‘|

GL# Buraog 1se3 *14 G| pPaiedoq ateys "33 9 29 “*3F L WO-M9 ‘*31F %1 KS L2 IIM pakaaing 3joN 8¢
" "3F 01T 09 “°33 6 71D ‘33 L7 49 “°3F 61 1D “°33 G HD 99 J0M 06.L€Z 09§S¢Z Le °

yidag "34 g, 3e 3sudl "14 | dS " . "33 89 WNIARITO) D9 “°3IF HE WNTAN[[O) 1) zot o0M 0€9€Z 09952 9¢
*34 g2 Buryog 40 woliog . "33 L MO-R9 ‘33 G MS ‘"33 € MI9-KO 51 J0M 0€ESEZ 08.62Z * ST o

" "3F €1 10 ‘33 ¥ 09 L1 20M 8I0%C %€S6T VX4

" "33 6 d9 ‘33 01 09-19 “3IF T 49 ‘33 9 O3S ‘33 8 09-19 ‘13 [Z 1D 8¢ 20M 0Z6€C 0.9S2Z €2
“ "33 €7 10 ‘33 97 dor 99 6% 00M 06LE£T 06LSC (2P

" WnTANTTO) 49 I 20M 0S9€Z 0%66¢C 12

" ‘33 T 09 ‘"33 7 dol K9 Y 00M 00TYZ 0€9S2 0z
auo3samyy auo3sauy] 0 o0M 299€Z 66192 9T o

*33 1/ Sutiog jJo wo3llog a1eys WS “3F 61 ‘WNTANTIV 49 "3F 6 '3 ¢ WOTANTTOD TH-KS 0€ J0M 0S%%Z 0L792 ST

"33 L61 Buraog 3jo wollog aT1eys WS ‘33 ¢ 10 33 € ‘M9-MS "33 Ol “*33 6 dol mwnianTio) K L2 994 00E%Z 0€Y%97 | vl
3U03ISAUWET uo3lsamr] ) 0 oM 0€S%C 09867 €l o

"33 65 Suriog 3o wo3ljog a1eys WNTADTTOD dD ©3 KHS 61 o0M OL%%Z 01092 A

" . WNFADNTTO) 49 03 TH-KS €2 20M 0LZ%C 09192 1
" WREAnTIO) 9¢ oM OvT%Z 00€9Z 0T @

" }o00a1paq pIaiayieam pue wntTAnTIOo) 29 Z 20M 966€2 0L%92 6

" @nTAnIIon I o0M S9€vZ 8I1LSC L
“ "33 €T MO-KW9 ‘"33 %1 MS-KS ‘"33 6 dol M9-KH 9¢ . J0M L80%C 61092 S @

u WnrAnyIod 49 S'o¢ 20M YYW6ET %L192 Y

auo03saumy] 9SuU3ag wnIpag Mo Ui 20M 208¢€¢ 8¢C€9¢C €
o

*34 ‘yadaq Iseg ylaopn
S3IUdUWO ) ad41 ooy u3panqi3aaQ JO UOTIBOFIFSSBID TTOS PAFFTun uspinqiaap kg S331BUIPI0O) 1aquny
sbuiLJog
@
) |
NOILVOILSIANI Q1dId 40 XYVWWAS
IIT 379VL

| _




1] i

padoeTd siajswozard Z

18-1¢-6 ‘y3idsp 33 [%# 133BM punoin

18-12-6

P2123Unodua 3jou 133BM pUNO1YH
‘4yadap *33 g°/¢ 123eM puUnOIH
313 08 8uriog jo wo3ljog
jo0ipag suo3isauwI]

11 i

"33 001 Buriog jo mo3jjog

sjuauwo)

a1eYS

suo3lsawI

2dA1 ooy

yidap °33 pg Surioq wo3z3zoq 03

yidap *33 08 Surioq wo3l3joq o3

yidap- 1z pg Buriog

yadaqg ug

"33 0§

*P232Nnpuod sem 3s3a} Jayded asaym BurJyog saIjouaq x

18-01-6 i123em punoi8 oN ‘wntanyio)n
I8-01-6 123em punoild oy ‘wnianylo)
18-11-6 123eM punoild oN ‘WnIAnI[y
2TeYs ©“°*33 Q% 2u03ISawWIT ‘WNTANTTO)H
@2TeYs “°33 HG 2u03ISsaWTT ‘WNIANTTO)

°TIBYS “°33 (O 2u03IsawWIT ‘WNTAN[TO)H

"3993 09 03 GG mo[jul 133em punoiy IYSITS

"33 GZ PU03IS3WIT ‘*3F Qf STBYS ‘WNIANTTO) 49

untTAnyToy 49

UNTARNTTO) d9

U3pInqIaAQ JO UOTIEBITIFSSBID [IOS Parjrup

NOILVOILSAANI QT1dId4d 40 ARYVHWAS

IE1

dT19V.L

Sl

5 |

74 |

G1

0¢

Ot

S-C

0¢

0¢

‘yadaqg
uspinqiaaQ

WRd

WRda
K3 a
WRda
K3 a
WRa
WRd
WRd
Wed
WRda
WRd

W?da

Lgq

oteve

0€E8YC

062%¢

08¢%¢

06s%¢

00¢s?

088%¢

01cve

0I8¢tC

0tT1i%c

ocecwe

069¢€C

096¢T

iseqg

00297

0S€9T

0969¢

0689¢

0169¢

02.9¢

0c¢09¢

0129¢

0€09¢

08LSC

09S¢

0119¢

0166C

yaion

S23BUIP100)

¢ d49vd

gRVETL

dRV<ZI1

iaquny




R R

padaaing 3JoN

§1S3] UOFlepexy

$3S3] uoriepeRiy

uogrjljepeay

UOTJEBPERIY

‘419 O13109ds ®» 8a19qi933ly § UOTIBRPRIYH

§31S3] UOTjEpEIS ¥ TEBOITWAYDI03H

s3893] 319qxa3l3lYy

s3sa] QOﬁumvmuu.w IE2FWaYd039
s383] UOF3lepRIH

§31S3] [BROFEAYD093H

S§31893], UOF1EBPEIYH

819q12331y 9§ UOFlEpPERIH } [BOTWAYDO0IH

$31s3a] 8319q13331V ¥ UOFIVPRIYH

sjuauwmo)

'I‘

2U0}1saWT]

a1eus

a1®yYs

ateys

aTeys

218y4s

auolsamyq

auojsamy]

3dL1 o0y

yidag 34 g 3e wollog ITd K9

yidag 34 9 3e 2u03ISIWFT ‘*3I4 € WI-d9 ‘'3 € W9
yidag 34 8 3® wollog 3ITd KO

yidag 34 g6 3I® wo3llog 3ITd :KI

yideq *33 z1 3e wmollog 3ITd :dH-KI

yidag -3y ¢ 3® wmwollog 3IT4 ‘D9-1D

Yyidag 33 6 3Ie wollog 3ITd :09

yadaq 31 g 3® wollog 3IFd :10-0S

yidag 34 G°8 3 wo3llog IT4 :)9

yidsq *33 % 3I® wollog ITFd :D9

yadag °34 Z1 3Ie wollog 3IFd D9

yidag *34 01 3I® wollog ITd £D9

yadag *31i 1 3Ie aomuom ITd ‘D09

yidag “-34 71 3I® wo3log 3ITd ‘34 OT WO “°34 T 'IH-KS
yidag *34 G°€T1 3I® mo3log 3ITd “°3d1 6 1D “°3Id §°% RS-1IK
*34 6°6 3I® woljog IT4 “°34 9 09 ‘*3II 6°C 10

yidag “°337 11 3® wWo3llog 3ITJ WO

4yidag “*33 L1 3® wWO3I3og ITd “°34 S°ST WO “°31 S°T IH-KS
yadag °33 01 3I® wo33jog 3ITd “°3d 6°9 29 “°3F € TH-KS
"33 §°€ W9 “°33 T IR

yidag "33 8 3I® wollod 3ITd ‘WO-TIN

yidaqg “-33 1 3® wmo3llog 3IFd 03 KO

yidag °34 IT 3I® wo3llog ITd “°3IF ¢ K9 "33 ¢°G TH-HO
yidag 33 L1 3® 3ITd Jo wollog (WD

yidag *33 IT 3® 31Td JO mo33og ‘KD

yadeg "33 11 3® 3Fd JOo mollog 03 KI

UapiINQia3AQ JO UOTIEITITSSETD TFOS PITIFun

NOILVOILSIANI 41314 40 XYVHHAS

IIT 9149Vl

01

S 8

‘34 ‘yadag
uapanqgiaag

K3d

R3da

n3d

Hyd
H3u
K4
n3a
Wea
H®d
K3 d
K3d
HR?Q
K3d
W2da
H2d
H3Q
R3d
H3d
R3d
K3d
H3d
Asda
H3d
R3Q
R3da

W3d

621%C
S91Ye

Cclhe
(XA KA
91%%¢
€6%%C
0s9%Z
1eeye
86Z%T
191%Z
8G1¥e
oL1%?
SIeEST
79167
gtose
VA XA XA
8LSYT
6%8%¢
L€E0ST
92182
L0tse
9012
1¢osc¢
SyIne

68Z%¢

ise3d

§7092

90192

[€¢97
uLeye
80L92
$099¢
99597
c189¢
$90L2
S€69¢
£€6L97
019972
Lye9e
€L6GC
S8192¢
L8%97¢

L8192

€819¢C

£%592
86992
990L2
0s€eLe
09¢L2
tLe9e

26%92

yiioN

$938UFPI00)

97

81
L1
91
St
71
1
A\
I1

01

uwnn:%

S31Fd 1S9l




'S N

‘11 €1 19 oM TEEC  9608¢ 4=y ®
aTeys yidag -34 Gz 3e jyooipag “°*3I4 (I TI “°13 b WNTANTTO) o204 8céed £EY8LT 9-¥
aTeysS *34 S/ T ‘*34 '€ WATANTTO) 0M 966EC. - 9ETLET el |
sTeYS “34 % 1) “*3d 7 wnganyro) o0M 8TI%C TY69¢C =Y -
14 8 TH “*3F € TO-W9 oM 66CHT  9L%9C S
‘3 8§ 1D **34 Y MM 37 T T0-HD o0M 0€0SZ L879¢C g
yidag 34 9 3® wollog 3ITd ‘*341 9 19 oM 6LEYT 68197 I=V *

SONIY¥YO0d dITTII¥A ¥IOAV

' ' d0d T1°6G6 €1 °ON 3s3l yidaqg 34 1 3V J0M 069€C 1.8S¢T 6-a &
" " dA0d 8°98 : Z1 *OoN 31sar yidaq ‘34 ¢ 3V J20M 08L€C 80097 8-a
" w d40d 6°L8 IT °"ON 3s3yr y3daqg 34 G1 3V :
" " d0d T1°66 01 "OoN 3s3r yadag *34 01 1V ®
" t d43d €°€6 6 'ON 1sal yidag *34 0z 3V J0M LT6ET %L19C L-a
" " 40d €°111 L *ON 1saL y3idaqg ‘314 O 3V J0M LETYT TIE9T 9-a
u " d43d %°6L 8 "ON 31sal yidaq ‘34 ¢ 3V J0M €CovZ 8066¢ S-a -
" " d40d £°06 9 °"ON 3s3L yidaqg *34 01 3IV
" M d0d €°06 S °"ON 3s3L yidaqg 34 6T 3IV
" " d0d 1°96 v *oN 31sal yidaq ‘14 07 LV 20M Ly9€C 1196¢ 7-d e
u " d43d L°18 yadag -31 1 3V J0M LLO7T 168SC €-a
" u 40d 9°LL yadag 34 4 1y J0M 9%1I%C S9867 z-a
£1Tsuaq £1q PTTd 404 S°68 yidag ‘37 ¢ 3y o0M 60%%¢ €919¢ F=d &
*3J ‘yadaqg 3sed YylaoN
sjuawmo) ad41 Yooy U3pinqisaaQ 3o UOTIEBIFIFISSBI) [TOS PaTIrup uapingiaaQ Lg S931BUTIPI00) 1aquny
S3ITd S3IS3ag &
»
NOILVOILSIANI dTdId 40 A¥YVHKAS
LI diay.L
o




vS-34N9id

SBYNSUOY IPAD PUrempoom
OL¥LSE ON Joefoid

NOANVD MOQVIW - NOANVO NOILYAHIS3Y
S30HNOS MOHH08
TVILN3LOd ‘1O3r0Hd 10D HNOH3INW

dVW Ji907039

ONTHOE TTIHQ ABVIOH AHOLVHOWIX3 @ L0S-HS

ONIHOE 178G H3DNV AHOLYHO X3 @ 9V

$038 40 410 ONY INIHIS 2y M Ny
HIGWNAN NOILVLS Z-d

NOLLO3IS-SSOYD 01901039 ¥ pmif
31V7d H3ddN NO SEHVE 'LINVY LSNHHL 4y o ot

Q3TV3IONOD
GIHHEIINI
FLVYWIXOHAdY ———— ——

..........

—————

“S13VINOD J190T0HLIT

STOGWNAS

HIAWIW H3ddN INOLSIWIT INTS LYIHD E »

l )] e
INOLSINII ONY g

3TVHS 31V IVOHILNS

LINN 3L1Z1EYNO b w 3TVHS NOANVD ONINNYI E \q
LINN INOLSIWIT | | t

LNN3VHS § L

dISWIN NOANVYD TTVH ‘NOILYWHO4 HEHINDO E y,

o ALIWHOINOTNG ~__~_

1iS0430 I0vyYIL H 3AITsanY E
(sourgyy) B9
'SISTHLNIYV NI ¥DOHAIS ONIATHIANN'MC T4 SINE3T

(nqbyy 5@
\mewx.FZw!(AZ_xsznwnuz_>._xmaz.-_.,:_‘:>b.-n_8

s [55°]

S1INN 219017039

NOLLYNVdX3
NOLLYDO1 3LIS

AHVNEILVNO

NVINVIASNNId NVIddISSISSIW

J £9-d o /
e /“.x- M
- p— \ W‘ / . )
- . %,../N.Nv... 1oUWdN H
N~ e e \ %
- 2 R et
~ . i r« £ v . /.r./ en.;.".u EV'MLL ¥ .’
- S 4D 4N T - e 4
7D I~ () ) R, [
: i LN ap MR P
= ' . N i w /
~ ) i s & AR
0 Y - \ -
N7, g N d
Iy ~N LrMLN W e P
& | TR . K :
. i g

< .
8 e ;
m\\ N ./\
~/ N 7 :
. PR — >

(7

TR TSN
~



1

89-34N914

FTVHS A3LVIVORILNI -|/8

oL¥1 51 efoid

FAAYS HBIHAO~NOANYD MOQVY3N
$30HN0S

dV¥iN J1907039

MOHHOE TVYLINILOd ‘LO3r0Hd 0109 HNOHIN

/

\;SZ/Y\WM.\\a ”A.V,, _,,.Ax///f.

'
/)

/y

00Z = .4 3TVIS

¥ 1 v 1 l 0
1334009 oor 24 0 oot %02

DNTHOE TTTHA ¥3IDNY AFOIYBU X3 o,

-N-

Lid 30HNOVE AHOLYEO X3 1..2

0938 30 40 ONV-INLS E-uzv/
NOH VS

aIviomod ,..°

> &

-t

AvWIXOuMY ~

‘SLOW NGO HOOTOMLNT

Q3IHYIING

STO8NAS

HIGWIW H3ddN 'INOLSIWIT INTE LYINO

INOLSINIT ONV

NVINVATASNNId  NVIJdISSISSIN

LINA 3L1ZLEVAD - D A
LINA INCLSINIT - | '
LINN ITVHS - 8

HIAWIW NOANYD TIVH 'NOILYWHO4 HHEINDO B

— - ALINHOANOONN -~

JTVHS NOANVD ONINNVA

L1S043Q 30VHYIL

3GiITSaNYY

(Sousgip) B2 ‘SISIHLNIHVL NI
H20HA38 OMIATHIANN MO SIHE3T

T
AHVNHILVNO

(naly) 82 ‘SISIHINIHYG NI
¥20HQIE ONIATHIANN ‘WNIANTI0D

WNIANTTY

SL1INN 21907039

NOILVNVIdX3

DE
M,

-'llll ‘,

af/”i s ]
‘/l <= r,

NV ; « ,.

7
N;\ ‘




5.0 FILED INVESTIGATION (cont'd)

Report of Preliminary Tailings Dam Study, Dames & Moore,
October 12, 1981.

Basic Geotechnical Data Report, Reservation Canyon Dam
Site, Woodward-Clyde Consultants, January 15, 1982.

Preliminary Geological Report, Potential Borrow Sources,
Woodward-Clyde Consultants January 4, 1982.

Preliminary Basic Geotechnical Data Report, Meadow
Canyon Dam and Army Depot Site, Woodward-Clyde Consultants
December 7, 1981.

In-Situ Density Testing Reservation Canyon and Meadow
Canyon Dam Site Woodward-Clyde Consultants, January 27,
1982.

Filter Material Gradation Analyses, Reservation Canyon
Dam Project Mercur Gold Project, Woodward Clyde Consul-
tants, December 11, 1981.



Table 2

Field Investigative Techniques

Test

Seismic Refraction Lines

Test Pits

Standard Penetration Test

Sand Cone Density Tests

Rock Coring

Falling Head Permeability
Tests

Packer Permeability Test

Use
To determine the depth of overburden
along the ‘embankment and impoundment

To study the subsurface profile in
the impoundment area, in borrow areas,
and in the embankment foundation area.

To obtain disturbed soil samples of
overburden material. In this site,
this test was not a good density
indicator.

To determine the in situ density of
coarse overburden material.

To obtain core samples of rock materials
for visual classification and/or laboratory
testing.

To determine soil permeability in
relatively pervious soils.

To determine the permeability of
the subsurface rock under a hydraulic
pressure equal to the reservoir pressure.



6.0

LABORATORY INVESTIGATION

Laboratory testing of construction materials and of tailings has
been conducted by Dames & Moore and by Woodward Clyde Consultants.
The specifications for geotechnical laboratory testing are

presented in Appendix B.

Figures 7 and 8 present the Mohr-Coulomb envelope from triaxial
testing of core material under unconsolidated undrained (quick
loading) conditions. Figure 9 shows the effective stress Mohr-
Coulomb envelope for consolidated undrained triaxial tests of

core material, and Figure 10 shows the total stress envelope.
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7.0

EMBANKMENT ANALYSIS AND DESIGN

7/

I

7.

1

ik

1.

1

Stability Analysis

General
Stability analysis was performed using the computer
program "SLOPE" maintained and operated by McDonald

Douglas Automation Company. This program uses a limit

equilibrium solution known as the simplified Bishop Method.

The failure surfaces for this method of analysis are all

circular.

Design Conditions and Applicable Safety Factors

Of the cases of analyses listed in Section 2.5.8,

the controlling cases are:

(a) The slope stability of the Stage I embankment at the
end of construction. This case is the critical end
of construction case because the largest height of
embankment will be built in the shortest construc-
tion period, and there will be no tailings stored
behind the relatively steep upstream slope (support-
ing the slope).

(b) The long-term stability of the stage III embankment.
This case is critical because the embankment height
is the largest and the crest is narrower than for
intermediate stages.

Idealized critical cross-sections corresponding to

these cases are shown in Figures 11 and 13 for cases

(a) and (b), respectively.

Figures 11 and 12 show the results of the stability
analyses at the end of construction for the Stage I

embankment under static and pseudo-static loadings,



! 7.0

EMBANKMENT ANALYSIS AND DESIGN (cont'd)

7

A

respectively. On the other hand, Figures 13 and 14 show
results of static and pseudo static analyses, respectively

for the final operating conditions.

A minimum factor of safety of 1.2 has been accepted for
the end of construction static stability because the
design parameters used for the core material are conserva-
tive. These parameters assume no dissipation of pore
pressures. In reality, some pore pressure dissipation will
occur and the real safety factor will be larger than that

calculated.

The safety factor for the pseudo-static stability of the
upstream slope for the end of construction case of the
Stage I embankment is less than the nominal factor of
safety of 1.15 required by the design criteria, but the
use of a seismic coefficient of 0.lg is believed to be
unnecessarily severe for the short time of exposure that

corresponds to the end of construction condition.

Design Parameters

The appropriate design shear strengths used for each
design condition are listed in Table 4 in general terms.
Specific material properties are shown in the stability

sections, Figures 11 through 1l4.



7.0 EMBANKMENT ANALYSIS AND DESIGN (cont'd)

7.1.4

7.2

Phreatic Surface Location

The phreatic surface was estimated considering:

a) Boundary conditions specific to each case analyzed.

b) Anisotropic ratios of permeability (horizontal to
vertical) of 9 for core material and 15 for shell and

filter materials.

c) No beach has been assumed.

The phreatic surfaces used in the stability analysis are

shown in Figures 11 through 14.

Embankment Design

Figure 15 shows a typical design cross-section. It shows

a zoned embankment with an upstream sloping core. The
upstream slope (zone VI) consists of sandy to clayey gravel
with boulders and cobbles placed at a slope of 1.5 horizon-
tal to 1 vertical. The more rocky material shall be used
for this zone. The coarser material shall be placed towards
the outside and the finer material adjacent to the core.
The core consists of clay and broken-down shale from the
impoundment area. An effort has been made to locate the
core on the Manning Canyon Shale. This will produce a
continuous impervious seepage barrier. However, the contact

between Manning Canyon Shale and the Upper Great Blue

Limestone Formation is irregular. See Figure 3. Consequently,

the sections where the core does not naturally tie into
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7.0 EMBANKMENT ANALYSIS AND DESIGN (cont'd)

7.3

shale shall have a 10-foot high horizontal leg extending
upstream from the sloping core contact to 20 feet over the
shale foundation past the natural contact between the upper
Great Blue Limestone and the Manning Canyon Shale. See

Figure 15A.

Downstream from the core is a filter and a drain or coarse
filter with a network of collection slotted pipes. The
system is designed to direct seepage in a controlled manner
to the seepage reclaim pond. The downstream slope (2
horizontal to 1 vertical) is composed of overburden mate-
rial from the dam foundation excavation and the borrow
areas at the future tailings impoundment area. It consists
of sandy to clayey gravel with boulders and cobbles.
Erosion protection for the downstream slope shall be
provided for the Stage III embankment. This may consist of
rip rap or other suitable material. The stability of the
downstream shell is enhanced by the filters and drainage
collection system. These will prevent saturation of the
downstream shell and its consequential loss of effective

strength.

Seepage Collection System and Seepage Reclaim Pond
Figure 16 shows the filter drain and pipe system designed

to carry seepage to the seepage reclaim pond. From there,
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7.0

EMBANKMENT ANALYSIS AND DESIGN (cont'd)

7.4

75

the seepage will be pumped back to the process or to the

tailings impoundment.

The fine filter design did not adhere to the provisions of
Section 2.5.5, because this design criteria is not suited
for piping protection of a clay core under the worst
possible case - i.e., in the event of a cracked core.
Instead, the D50 of the filter was made less than or equal
to 25 times the D50 of the design core grain size distribu-
tion which was developed on the basis of the minus No. 4
United States Sieve fraction of the natural core material.
In addition, enough cohesionless fines were specified to

preclude piping of clay flocs.

Foundation and Abutment Preparation
At the core and filter contact, the foundation will be
excavated to competent rock. If cracks are found, these

will be cleaned and filled with slush grout.

Abutment slopes will be limited to 0.5 horizontal to 1
vertical. Detail construction requirements are given in the

construction specifications shown in Appendix A.

Deformation Analysis
The Franklin and Chang (6) modification of the Newmark (10)
method of Analysis has been used to estimate embankment

deformations due to strong motions. See Figure 17. Values



7.0

EMBANKMENT ANALYSIS AND DESIGN (cont'd)

of maximum ground acceleration at the foundation rock were
determined from attenuation curves developed by: Schnabel
and Seed (15) for the Wasatch Front earthquake, and by

Pyke (11) for the West Mercur Fault earthquake.

The maximum crest acceleration, u max, and the natural
period of the embankment, T, have been estimated using a
simplified dynamic response analysis procedure originally
proposed by Makdisi and Seed (1978). This method takes into
account nonlinear variation of soil damping ratio, D, and
Shear Modulus of Deformation, G, with shear strain, . See
Figure 18. The north-south component of the Taft record for
the 1952, Kern County, California, earthquake was used in

response calculations.

Subsequently, the crest acceleration, upgy was used to

obtain the maximum average seismic coefficient Kpgx, using

‘Figure 19.

Finally, displacements were determined for the most

critical failure planes, for a range of possible values
of'the shear modulus parameter, K;. These are shown in

Figure 20 for earthquakes originating at the Wasatch

Fault, and in Figures 21A and 21B for earthquakes originating

at the West Mercur Fault.
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y is measured from the crest,

h is the total dam height

O F.E.METHOD

0.2

0.4~ DATA)

Y/h

AVERAGE OF
ALL DATA

1.0

kmax /" max

Figure 19 Variation of average maximum acceleration, K max.,
with depth below the dam crest, after Makdisi and
Seed (1978).
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—Davy McKee

ESTIMATED PERMANENT DEFORMATIONS
DUE TO WASATCH FRONT EARTHQUAKE
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—Davy McKee

ESTIMATED PERMANENT DEFORMATIONS
DUE TO WEST MERCUR FAULT EARTHQUAKE
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7.0  EMBANKMENT ANALYSIS AND DESIGN (cont'd)

7.6

As a result of the above analyses, a maximum horizontal
displacement of 12 inches is estimated for the design
earthquake originating at the Wasatch Front. On the other
hand, for the earthquake originated at the West Mercur
fault, a maximum horizontal displacement of approximately

2.5 feet was estimated.

Inspection and Monitoring Program

Embankment construction inspection shall be under the
direction of a qualified geotechnical engineer. It shall

be designed to ensure that actual construction complies
with the specifications and the resulting earth structure
has properties congruent with design assumptions. Recom-
mended routine density and classification tests for compac-

tion and material quality control are shown in Table 5.

Generation of positive pore pressures during construction
will be monitored using a network of pneumatic piezometers
installed strategically in the core and other locations as
shown in Figure 20. These piezometers will be used for

long-term monitoring as well.

A limited number of surface monuments (See Figure 2) will
be used to monitor displacements during and after construc-

tion.



7.0 EMBANKMENT ANALYSIS AND DESIGN (cont'd)

L
During construction, piezometers shall be read daily, and
monuments shall be surveyed once a month. During operation,
piezometers shall be read monthly and monuments quarterly.
L
The data shall be reviewed by a qualified geotechnical
engineer who shall send quarterly reports to Getty Mining
Company. Site inspection shall be performed by the afore-
L
mentioned engineer every six months and after a major storm
or earthquake.
5 Table 5
Test Frequency of Tests per 1000 Cubic Yards
Core Fine Filter Coarse Filter Shell
[ J
Field Density 3 3 1/5 to 1/10 1/5 to 1/10
Gradation 1 5 5 to 10 1/5 to 1/10
Atterberg Limits 1/5 to 1/10
Moisture Content 3 3 1/5to :1/10
Lab. Compaction 3 1/5 (4)
%
(A) As required due to variations of borrow material.
To check the shear strength of in-situ core material,
undisturbed samples shall be taken from the embankment and
L
tested under triaxial shear. In addition, in-situ tests
may be performed on shell material. Should test results
warrant it, the embankment will be re-analyzed.
o
Adequate construction specifications are given in General
Specification No. GC-18, however, if the Contractor chooses
ik he may perform a test fill in a manner satisfactory to the
L



7.0 EMBANKMENT ANALYSIS AND DESIGN (cont'd)

Engineer. Test results will help the Contractor and the

Inspectors become familiar with the local materials as well

as to approximately select:

a)

b)

c)

d)

e)

The most effective type of compaction equipment.

The 1ift thickness and the number of passes of a given
compacting equipment to achieve specified density.

The maximum particle sizes.

The amount of degradation or segregation occurring
during compaction.

The physical properties of the in-place fill, such as
density and grain size distribution.

Based on the results of the test fill, the Engineer will

revise compaction requirements, if appropriate.

7-10



8.0 HYDROLOGY
8.1 General
The general area is mountainous terrain with slopes
ranging from 5 to 50 percent. Vegetation native to the
area is pinyon pine, juniper, oakbrush, big sagebrush,
black greasewood and some aspen. The principal uses

are range and wildlife habitat.

The elevation of the dam site is above 7000 feet, hence
much of the annual precipitation is in the form of snow.
The annual precipitation is approximately 17 inches, and
the annual evaporation is about 42 inches. In general,
evaporation is higher than precipitation at all times of

the year except in December and January.

8.1.1 Surface Water
The total area of the drainage basin and the impoundment
is small, approximately 788 acres. Reservation Canyon
heads from the Oquirrh Mountains and joins Meadow Canyon
from the northwest as a tributary to Mercur Creek. Both
Reservation and Meadow Canyons are ephemeral streams which
flow in response to thunderstorm and spring snowmelt. The
confluence of these two natural drainage channels is

situated just north of the plant site and mine area.




8.0

HYDROLOGY (cont'd)

8.1

8.2

52

Because of the steep topography and relatively short time
lag, runoff from flash floods requires special attention

to the peak flow used to design any conveyance structure.

Ground Water

Drilling and other subsurface exploration activities
reveal that no shallow ground water aquifer is encount-
ered in the area. A few springs occur at higher eleva-
tion above 7300 and discharge in direct response to snow
melt and storms as interflow. The general direction of
ground water movement in the vicinity of the site would be
downdip northeasterly toward the southeast plunging pole
Canyon Syncline, and then southeasterly toward Cedar

Valley.

Hydrologic Design of Tailings Impoundment

The impoundment is designed to store 1/2 of the PMF
(Probable Maximum Flood) volume, in addition to the tail-
ings volume deposited during the 12 year operation of the

mill.

The PMF is derived from PMP (Probable Maximum Precipita-
tion) 24-hour duration which is 10.5 inches obtained from

U.S. Weather Bureau (1960).
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8.0 HYDROLOGY (cont'd)

8.2.1

Runoff Volume

The total drainage area (including the tailings impound-
ment) is approximately 788 acres (1.23 sq mi). The
watershed location and drainage boundary are shown on
Figure 22. The drainage basin is uniformly covered by
woodland type of vegetation with occasional barren spots.
Assuming hydrologic soil of B type and an AMC II condi-
tion, an average curve number for the land portion of the
drainage area is chosen to be 60. Since the impoundment
area of approximately 75 acres (0.12 sq mi) comprises
about 10 percent of the entire drainage area, the inflow
volume was computed separately for the runoff from the
land portion and the precipitation falling directly

on the pond surface.

The excess runoff from the PMP 24-hour storm is obtained
based on the curve number which is a measure of the
infiltration potential of the drainage area. The volume
of PMF from the land portion is found to be 13.7 million
cu ft The volume of PMF accumulated in the pond from

rainfall falling directly on the pond is 2.8 million cu ft.




8.0 HYDROLOGY (cont'd)
The 1/2 PMF volume storage required in the impoundment
is half the sum of the excess runoff for the land and
pond portion of the drainage basin which is 16.6 million
cu ft. The computation of the runoff volume is presented

in Appendix D.

A freeboard of at least 2.4 feet is required based on a
surface area of 3.5 million sq ft at elevation 7260 ft
above mean sea level. The freeboards required to store 1/2
PMF at different stages of tailings dam construction are
presented in Table 7. The inflow volumes for the 10-year,

100-year storm and 1/2 PMF are shown in Table 6.




TABLE 6

Inflow Volumes for different 24-hr Storms

Recurrence Interval Total Volume to Impoundment x 10 6
(ft3)
10 - yr 0.554
100 - yr 3.70
1/2 PMF 8.30
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Contract No. 23854
General Specification No. GC-18

1.0 GENERAL

1.1

1.2

This specification covers the requirements for the
construction of the Reservation Canyon Tailing Disposal
Dam for the Mercur Gold Project as it is indicated on
the drawings and as specified herein.

The State Engineer or a duly authorized representative
from the State Engineer's office has full authority to
inspect the construction at any time.

APPLICABLE CODES

2.1

Except as noted within this specification all work
shall conform to the documents listed below. These
documents are declared to be a part of this specifica-
tion the same as if fully set forth herein:

All Federal, State and County regulations as they
apply.

Wherever they are referred to in this specification the
documents listed below are declared to be part of this
specification the same as if fully set forth herein:

American Society for Testing Materials

ASTM D-698-70 Mositure-Density Relations of Soil and
Soil Aggregate Mixtures Using 5.5 1b. Rammer and 12
inch Drop.

ASTM D-2049-69, Relative Density of Cohesionless
Soils

ASTM D-1557-70 Mositure-Density Relations of Soils
Using 10 1b Rammer and 18 inch Drop.

ASTM C131-76 Resistance to Abrasion of Small Size
Coarse Aggregate by Use of the Los Angeles Machine.

ASTM C535-69 Resistance to Abrasion of Large Size
Coarse Aggregate by Use of the Los Angeles Machine.

ASTM C88-76  Soundness of Aggregates by Use of Sodium
Sulfate or Magnesium Sulfate.



Contract No. 2385A
General, Specification No. GC-18

2.0 APPLICABLE CODES (cont'd)

Department of the Army

EM1110-2-1906 "Laboratory Soils Testing" November 30,
1970, Chapter 1 May 1 1980.

3.0 SUBSURFACE CONDITIONS

3.1 The following geotechnical reports have been prepared
and are available for inspection at the San Mateo
office of Davy McKee.

3.1.1 Report of Preliminary Tailings Dam Study, Dames &
Moore, Oct. 12, 1981.

3.1.2 Basic Geotechnical Data Report, Reservation
Canyon Dam Site, Mercur Gold Project, Tooele
Countyé Utah, Woodward-Clyde Consultants, Jan.
15, 1982.

3.1.3 Preliminary Geological Report Potential Borrow
Sources, Reservation Canyon and Meadow Canyon
Dam Site, Mercur Gold Project, Tooele County
Utah, Woodward-Clyde Consultants Jan. 4, 1982.

3.1.4 Preliminary Geological Report, Reservation
Canyon Dam and Reservoir,Mercur Gold Project,
Tooele County, Utah.

3.1.5 In-Situ Density Testing Reservation Canyon and
Meadow Canyon Dam Site, Mercur Gold Project,
Woodward-Clyde Consultants Jan. 27, 1982.

3.1.6 Geotechnical Report, Tailings Dam, Reservation
Canyon, Mercur Gold Project, Davy McKee,
February 1982.

4.0 CLEARING AND GRUBBING

4,1 The area to be occupied by the permanent construction
required under these specifications and the surfaces of
all borrow pits shall be cleared and grubbed of all
trees, stumps, roots, brush, and other deleterious
materials as determined by the Engineer.

4.2 Top soil from the foundation, borrow or impoundment
areas shall be stored in zones designated by the
Engineer. Removed combustible material shall be burned
in accordance with all applicable laws and rules, or
buried outside the dam area.




Contract No. 2385A
General Specification No. GC-18

5.0 EXCAVATION

5.1 The complete tailings dam foundation shall be on
competent rock as determined by the engineer, and as
shown on the drawings.

5.2 Excavation areas shall be graded and properly maintained
to insure adequate drainage at all times. Any depres-
sions or irregularities shall be filled and compacted.
Work shall be suspended when it is wet, muddy, or otherwise
in such condition that the area cannot be properly mani-
pulated.

5.3 Excavated material, not approved for use in the
embankments by the Engineer, shall be disposed of in
spoil areas designated by the Engineer.

5.4 Core and Filter Foundation Contact and Abutment
Preparation.

5.4.1 The core and filter foundation and abutment
excavations shall be made in such a manner as to
expose a suitable foundation surface consisting
of competent limestone or Manning Canyon Shale
as approved by the Engineer.

5.4.2 During excavations, rainfall runoff and ground
water shall be kept drained by ditching, sumping
and pumping or other suitable methods.

5.4.3 Dimensions of the core and filter foundation and
abutment excavations shall be as indicated on
the drawings or as specified herein. The
(é§ maximum slope at abutments shall be 0.5 horizon-
tal to 1 vertical. In extreme cases, the
following slopes may be allowed: 0.25 horizontal
to 1 vertical for heights less than 10 feet.

5.4.4 Side slopes shall be reasonably smooth and
uniform and shall be cleaned of all loose and
protruding material. Overhangs and reversed

Zéi& slopes shall be eliminated. No vertical walls

shall be allowed in abutments. Sharp corners of
rock strata shall be bevelled off to avoid
sharp, protruding angles in the core.

5.4.5 All loose or detached rock, as well as soft
erodible seams and pockets of earth shall be
removed from the foundation and abutments (this

Zﬁé& may require use of hand methods, picking,

barring, and wedging and/or other suitable
means). Loose materials may be found in cracks
or joints. All cracks and/or joints shall

5



Contract No. 23854
General Specification No. GC-18

5.0 EXCAVATION (cont'd)

£\

be cleaned out to 3 times their maximum width or
to a depth of 6 inches, whichever is greater.
Subsequently, they shall be filled with grout.

5.4.6 The grout shall consist of a 1:1 (by volume)
water-cement mixture.

5.4.7 Prior to the placement of any filter material
and/or any impervious core material the founda-
tion shall be blown clean using blow pipes and
compressed air",

5.4.8 Placement of impervious core material and/or
filter material shall take place within 24 hours
of air cleaning the foundation or abutment and/
or after approximately one hour after placement
of the grout coating.

5.4.9 Foundation rock shall not be exposed for longer
than one day.

FOUNDATION DEWATERING

6.1

6.2

6.2

7.1

7.2

In the event water is found, dewatering procedures
shall be followed.

Prior to beginning work on dewatering the foundation,
the Contractor shall submit for approval a plan showing
his proposed method. The plan may be placed in opera-
tion upon approval, but nothing in this section shall
relieve the Contractor from full responsibility for the
adequacy of the system.

The dewatering shall be accomplished in a manner that
will result in all construction operations being
performed in the dry.

BORROW

The materials required for construction may be obtained
from the foundation excavation and from the borrow
areas shown on the drawings. Coarse and fine filter
material shall be provided by the contractor.

The type of equipment used and the excavation of
material in the borrow areas shall be such as will
produce the required uniformity of mixture of each of
the types of materials specified.



Contract No. 2385A
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7.0 BORROW (cont'd)

8.0

£

7.3

7.4

7.5

7.6

FILL

The contractor shall perform selective excavation of
borrow material, as required by the Engineer.

The location and extent of all borrow pits within the
borrow areas shall be as directed by the Engineer. The
Engineer reserves the right to change the limits or
location of borrow pits within the limits of the borrow
area in order to obtain the most suitable material.

As far as practical, the material shall be conditioned
in the borrow pit before hauling and placement on the
embankment. When moisture is introduced into the soil
at the borrow pit, care shall be exercised to mix

the material uniformly to produce the required moisture
during compaction, avoiding excess accumulation of
water in the soil.

The Engineer will designate the depth of cut in all
parts of the borrow area, and the cuts shall be made to
such designated depths.

MATERIALS AND THEIR BORROW SOURCES

8.1

Six types of materials shall be used in the embankment
construction. They are shown in the following table:

Zone Zone Description Material Description

I Downstream Shell Cover Limestone rock and
limestone fragment

II Downstream Shell Clayey gravel, sandy
gravel, and clayey to
silty sand.

ITI Coarse Filter - Drain Gravel sand mixture
IV Fine Filter Fine to coarse sand
v Impervious Core Clayey silt to silty
clay and decomposed
shale
VI Upstream Shell Clayey gravel, sandy

gravel, and boulders.



8.0 FILL MATERIALS AND THEIR BORROW SOURCES

Contract No. 2385A
General Specification No. GC-18

(cont'd)

8.2 Zone I Material

8.3

8.4

8.5

This material may be obtained from borrow areas adjacent
to the dam as shown on the drawings and as designated

by the Engineer, and from the foundation excavation.

All materials composed of mudstone, claystone, and
siltstone shall not be used for construction of these
zones. The materials shall be free of vegetation
debris, organic matter, and other deleterious materials.
The maximum particle size shall be 12 inches.

Zone II material shall consist of clayey gravel,

sandy gravel, and clayey to silty sand. The maximum
particle size shall be 8 inches. This material may be
obtained from the foundation excavation and/or from the
overburden overlying Zone V material in the impondment
area. This material shall be free of roots, organics,
and other deleterious materials.

Zone III material shall meet the following requirements:

Sieve Size Percent Passing

(Square Openings) by Weight
3 inch 100
3/8 inch 90 to 50
No. 8 50 to 10
No 16 30 to 5§
No. 100 8 to 0
No. 200 5to 0

In addition, the fines (-200 size material) shall
be cohesionless, and the Los Angeles Abrasion Loss
(500 revs) shall be 40 percent or less.

Zone IV material shall meet the following requirements:

Sieve Size
(Square Openings)

3/8 inch

No. 4

No. 16

No. 50

No. 200 (fines)

Percent Passing
by Weight

100
100 to 84
84 to U6
50 to 18
16 to 5
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8.0 FILL MATERIALS AND THEIR BORROW SOURCES (cont'd)

8.6

8.7

In addition, the fines (-200 sieve material) shall
be cohesionless.

Zone V material shall consist of relatively soft shale
and clay found in the impoundment borrow area. In
addition, clay material found in the foundation excava-
tion may also be used for core material. The material
for Zone VI shall be free of roots, organics and other
deleterious materials. The following are the gradation
requirements:

Percent Passing

Particle Size by Weight
3 inches 100
3/4 inch 98 to 76
No. 4 86 to U6
No. 30 68 to 34
No. 200 52 to 25

In addition, the Plasticity Index shall be greater than
15.

Zone VI Material

This material may be obtained from borrow areas adja-
cent to the dam (as shown on the drawing) as designated
by the Engineer, and from the foundation excavation.
All materials composed of mudstone and claystone shall
not be used for construction of this zone. The mater-
ials shall be free of vegetation debris, organic
matter, and other deleterious materials. In addition,
the finer material shall be placed adjacent to the
core. The coarser material (more rock like) available in
the borrow-pit and/or the foundation excavation shall
be selected for this zone. The maximum particle size
shall be 12 inches. A minimum of 70 percent by weight
of the material shall be retained in the No. 4 Sieve.



8.0

Contract No. 2385A
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FILL MATERIALS AND THEIR BORROW SOURCES (cont'd)

8.8 The placement of all fill materials are subject to
the approval of the Engineer.

EMBANKMENT

9.1 The suitability of each part of the foundation for
placing embankment materials thereon, and of all
materials for use in embankmant construection, shall
determined by the Engineer.

be

9.2 1In any separate portion of dam being constructed, each
layer of each zone shall be constructed continuously
and approximately horizontal for the width and length

of such portion at the elevation of the layer.

9.3 The distribution and gradation of the material through-
out the earthfill shall be such that the fill will be

free from lenses. pockets, streaks, or layers of

material differing substantially in texture, gradation,
or moisture from the surrounding material. 1In addition,
the more pervious materials shall be placed toward the

outer slopes of the embankment.

9.4 If, in the opinion of the Engineer, the surface of the
layer of earthfill is too dry or smooth to bond properly

with the layer of material to be placed thereon, it

shall be moistened and/or worked with harrow, scarifier,

or other suitable equipment, in an Engineer approved

manner to a sufficient depth to provide a satisfactory

bonding surface before the next succeeding layer of
earthfill material is placed.

9.5 The surface of each 1lift or layer shall be approximately
horizontal, but after compaction shall have sufficient
slope to provide for runoff of surface water. At no
point on the dam or dike embankment shall any ponding

of water be allowed at anytime. If, as a result of

rainfall or any other cause of excessive moisture, the
embankment working surfaces become saturated and are

unsuitable, the materials shall be removed from the
surface, to such depths as may be required by the
Engineer, to expose firm compacted materials before

resuming the fill placement and compaction operations.

10
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9.0 EMBANKMENT (cont'd)

o

°
9.6

°

°
9.7
9.8

°
1 9.9

°
9.10

°
9.11

°
9.12

°
9.13

°
9.14

Because the embankment shall be built in stages,

it will be necessary, as directed by the Engineer, to
remove and scarify material from the downstream slope
and crest of the embankment. This shall ensure adequate
bondage between new and old fill. Care shall be taken
to remove and recompact old fill damaged by frost
penetration. In addition, should vegetation or other
deleterious material be found, this shall be removed in
a manner approved by the Engineer.

The excavation and embankment construction work will be
carried out under the supervision of the Engineer.

Additional embankment quality control tests may be
performed for the Engineer by an appointed subcontrac-
tor or directly by the Engineer. These tests shall
comply with the Inspection and Quality Control Specifi-
cation.

No fill shall be placed over any area where tests are
in progress until the tests have been reported and the
Engineer has advised the Contractor that it may con-
tinue.

Equipment contaminated with fine grain soil shall
not be allowed to run over the fine and coarse
filter zones (zones III and IV).

Zones II, V and VI material shall be gently sloped
(1 to 5 percent) so as to direct runoff away from
the fine and coarse filters (Zones III and IV), thus
preventing fines from contaminating the filters.

The downstream horizontal drainage zone shall be
completely placed and covered by two 1lifts of Zone
II material as soon as possible to prevent contamin-
ation of the blanket by exposure of surface waters
carrying fines.

Except when allowed by the Engineer, placement of
coarse filter materials shall be kept higher than
adjacent fine filter material, and placement of
filter material in general shall be kept higher than
adjacent fill to prevent contamination of filters.

Except as approved by the Engineer, compaction
equipment shall comply with the requirements stated
in "Civil Work Construction Guide Specification",
CW-02212, Feb. 1976, Department of the Army, Corps
of Engineers, Office of the Chief of Engineers.

11



Contract No. 2385A
General Specification No. GC-18

10.0 COMPACTION

All the following compaction requirements shall be for
in place materials.

10.1

10.2

10.3

10. 4

10.5

Slope Protection - Zone I

Each layer shall be placed in lifts not exceeding 12
inches in loose thickness and compacted using 4 passes
of a 10 ton or heavier vibratory roller.

Downstream Shell Material - Zone II

Each layer shall be compacted to a minimum of 98 percent
of maximum dry density as determined by the "Compaction
Test for Earth-Rock Mixtures" Department of Army EM
1110-2-1906, Appendix VI A.

Coarse Filter Material - Zone III

Each layer shall be placed in lifts not exceeding

12 inches in loose thickness. Compaction shall be
with 4 passes of a 10 ton or heavier vibratory roller.
No water content control is required and the material
shall be compacted in its as-received condition.

Fine Filter Material - Zone IV

Each layer shall be placed in lifts not exceeding

8 inches in loose thickness and compacted to a minimum
of 98 percent of maximum density as determined by ASTM
D-698. The moisture content shall be kept within between
0 and 3 percent above optimum.

Core Material - Zone V

Each layer shall be placed in lifts not exceeding 8
inches in loose thickness compacted to a minimum of 98
percent of the maximum density as per ASTM D-698.
Compaction shall be carried out using a sheepsfoot
roller. Moisture content shall be kept within 0 to 3%
above the optimum moisture content.

12



Contract No. 23854
General Specification No. GC-18

10.6 Zone VI Material

Each layer shall be compacted to a minimum 98 percent of
the optimum dry density as determined by the "Compaction
Test for Earth-Rock Mixtures" Department of Army EM
1110-2-1906 Appendix VI A.

10.7 Compaction requirements in this section may be
modified at any later time as required for adequate
compaction, as determined by the Engineer.

11.0 LIFT ELEVATIONS

11.1 The difference in elevation between points in the embank-
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11.2 A portion of Zone II, the downstream shell, may
be built ahead of the rest of the embankment.
3 However, the Contractor shall provide the Engineer
fBE with specific plans to assure that fines carried
in runoff from Zone II material are not allowed
to contaminate the filters (Zones III and Iv).
Any contaminated filter material, as determined

by the Engineer, shall be removed and new material
shall be placed.

shall not relieve the Contractor from the absolute

and total responsibility to preclude contamination
of the filters

11.3 The approval of a construction plan by the Engineer

12.0 WEATHER LIMITATIONS

12.1 In no case shall frozen soils be placed in any portion
of the embankment nor shall any fill materials be
placed upon frozen embankment surfaces.

13.0 PROTECTION OF THE EMBANKMENT

13.1 It shall be the Contractor's responsibility to protect
the embankment from freezing. Where required, this may
be accomplished with the placement of dry 1lifts on the
embankment at the end of each day of operation or by
other methods approved by the engineer.

13



Contract No. 23854
General Specification No. GC-18

14.0 SLIDES

14.1 In the event of slides in any part of the embank-
ment prior to final acceptance of the work, the
Contractor shall remove material from the slide
area, as directed, and shall rebuild such portion
of the embankment. In case it is determined that
the slide was caused through the fault of the
Contractor, the removal and disposal of material and
the rebuilding of the embankment shall be performed
without cost to the Owner; otherwise this work will
be paid for at the applicable contract unit prices
for borrow excavation and compacted fill or backfill.

15.0 PIEZOMETERS AND MONUMENTS

15.1 Piezometers will be supplied by others and shall be
installed on the embankment foundations by the Contrac-
tor. Fill around these devices shall be placed and
compacted to the density prescribed for the class of
the material being placed.

15.2 The Contractor shall furnish and install surface
monuments as shown on the drawings. The Contractor
shall furnish to the Engineer the horizontal and
vertical location of each reference mark with respect
to established bench marks at the time of installation
and every seven calendar day thereafter until completion
of the contract. The Contractor shall conduct his
operations in such a manner that the reference marks
will not be disturbed or damaged. Any reference mark
disturbed or damaged due to negligence on the Contractor's
part shall be replaced or repaired and the correct
horizontal and vertical locations shall be furnished at
the Contractor's expense.

14
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Contract Specification
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1.0

3.0

MERCUR GOLD PROJECT
GETTY MINING COMPANY

SALT LAKE CITY, UTAH

CONTRACT SPECIFICATIONS
LABORATORY TESTING - TAILINGS DAM

SCOPE
This specification covers the laboratory testing program for
the Reservation Canyon Tailings Dam. Specifically, it covers

the types of tests required to adequately determine engineer-
ing classification and other engineering properties of:

(a) Tailings

(b) Foundation materials
(¢) Core material

(d) Fine filter

The subcontractor shall submit a comprehensive report
of all tests specified herein.

DEFINITIONS

"Owner" when referred to, shall mean the Getty Mining
Company.

"Contractor" when referred to, shall mean the Davy McKee
Corporation. Alternatively, Contractor may be identified as
DMC.

"Subcontractor" when referred to, shall mean the company
performing the work under this Contract.

WORK INCLUDED
3.1 General
The Subcontractor shall arrange and pay for the

selection and transportation of all soil samples
with the exception of tailings and tailings liquor.



3.0 WORK INCLUDED (cont'd)

3.2

3.3

3.4
3.4.1

3.4.2

3.4.3

3.4.4

3.5
3.5.1

3.5.2

Applicable Codes or Testing Procedures

All tests shall be performed following ASTM specifica-
tions or where indicated following the Corps of
Engineers Laboratory Testing Manual EM 1110-2-1906.
Deviations from these procedures may be approved by
the Contractor upon written request by the Subcontractor.

Field Sampling

The subcontractor is responsible for obtaining repre-
sentative random samples of the materials tested. If,
for example, two different sources are considered for
core material, enough samples shall be tested to
properly identify the properties of soils from each
source.

Tests on Tailings Material

Gradation tests as per ASTM D 422-63. The Hydrometer
analysis shall be included.

Falling Head Permeability Tests with Pressure
Chamber as per EM 1110-2-1906 (30-11-70) on:

- Two samples prepared to have a total unit weight
of 80 pef.

- Two samples prepared to have a total unit weight
of 110 pef.

Use tailings liquor instead of distilled
water when performing tests on all four samples.

Perform two sets of Atterberg limits, as per
ASTM DY423-66 and ASTM DU24-59.

Perform one specific gravity test as per ASTM
D854 .

Tests on Core Material

Grain size distribution including Hydrometer analysis,
as per ASTM 422-63; and Atterberg limits as per ASTM
DU23-66 and ASTM D424-59 on all materials tested in
section 3.5.

Moisture density curves shall be performed on
selected borrow material samples as per ASTM

D 698-64T. Method to be selected by the Subcontrac-
tor after examination of the grain size distribution
curve.



3.0 WORK INCLUDED (cont'd)

3.5.3

3.5.4

3.5.5

Moisture density curves shall be performed on

selected borrow material samples as per ASTM

D 1557-64T. Method to be selected by the Sub-
contractor after examination of the grain size
distribution curve.

Dispersion tests shall be performed early during the
testing program. These shall consist of:

(a) Pinhole tests

(b) Tests of soluble salts in pore water
(c) SCS laboratory dispersion tests

(d) Crumb tests

Follow procedures outlined in:

(a) "Identification and Nature of Dispersive Soils"
by Sherard, et al (1976) ASCE GT4 April 1976

(b) "Pinhole Test for Identifying Dispersive Soils"
by Sherard, et al (Jan. 1976) ASCE GT1

Alternatively, procedures from EM-110-2-1906, Change
1, May 1, 1980, Chapter XIII, may be used. The need
for these tests shall be evaluated prior to their
execution, should the soil be less than 12 percent
by weight finer than 0.005 mm and should its plasti-
city index be < 4.

Triaxial tests shall comply with the following
requirements:

- The maximum particle size in the specimen
shall be 1/6 of the sample diameter.

- The maximum sample diameter shall be approximately
3 inches.

The triaxial test procedures shall be as per

EM 1110-2-1906 Appendix X. The compaction procedure
is specified in Appendix X, Page X-14. Sample
preparation is specified in Appendix VI, Page VIi-4,
Section 6.

Skempton's pore pressure parameters A and B shall be
measured. The pore pressure parameter A shall be
plotted vs. strain.



3.0 WORK INCLUDED

3-505-1

3-5-5.2

(cont'd)

Perform ICU triaxial test with pore pressure
measurements on samples compacted to the optimum
moisture content. Develop one well-defined Mohr
envelope for each of the following cases:

(a)

(b)

Prepare samples to the maximum density as per
ASTM D 698-64T and test by consolidating at
effective pressures of 50, 100 and 150 psi.
This case may be eliminated after review of
compaction test results and upon DMC's
approval.

Same as in Case (a) but using 95% of maximum
density according to ASTM D 1557-6UT as a
density criteria.

Depending on test results it will be possible
to determine if requiring the more stringent
compaction criteria will render significant
gain in density and strength. Another
consideration is the decrease in plasticity
of the core due to the higher compactive
effort (lower optimum moisture content).

Core cracking is important, particularly in
sloping core dams.

After review of the preceding laboratory test
results, the subcontractor and the contractor
shall meet to select the moisture content and
density for the samples prepared for the
subsequent tests of this section.

Perform Unconsolidated Undrained (UU) tests
at the following cell pressures (core material not
expected to be a perfect clay.):

Test 1 25 psi
Test 2 50 psi
Test 3 100 psi
Test 4 150 psi



3.0 WORK INCLUDED (cont'd)

3.5.5.
®
PY 3.5.6
3.5.7
® 3.5.8
o 3.6
3.6.1
® 3.6.2
3.6.3
[ ]
307
[
o
®

3 Perform consolidated undrained triaxial tests with
pore pressure measurements as per EM-1110-2-1906,
Appendix X. Two sets of tests will be performed,
one set at each of the following principal effec-
tive consolidation stress ratios: Ke = 1.5, |
2.0. |

Perform consolidation tests on saturated core
samples; test per EM 1110-2-1906, Appendix VIII. As
a guide, a maximum loading of 250 psi is suggested.

Specific gravity tests as per ASTM D854, shall be
performed on all materials tested.

Perform falling head permeability tests with pressure
chamber as per EM 1110-2-1906 Samples shall be
compacted as per Appendix X, Page X-14, Section 2.

In addition, two tests shall be performed using
tailings liquor.

Tests On Fine Filter Material

Grain size distribution including Hydrometer
analysis, as per ASTM 422-63.

Determine the maximum and minimum densities of
this material following ASTM D 2049-69.

Perform falling head permeability tests as per EM
1110-2-1906, Chapter VII. Samples shall be compacted
to 75, 80, and 85 percent relative density. The
compaction procedure shall comply with paragraph

4b, Page X-16, Appendix X, EM-1110-2-1906.

Tests on Foundation Materials

As a result of the Field Investigation, the Subcon-
tractor was requested to perform field density tests,
of the sand cone type, to evaluate the suitability of
these materials as a foundation material. Gradation
tests, as per ASTM 422-63, shall accompany the test
results. In addition, areas with different types of
foundation materials are clearly indicated in a plan
of the dam foundation at both the Reservation and
Meadow Canyon Sites. These tests have been performed
under Amendment 1.




3.0 WORK INCLUDED (cont'd)

5.0

3.8 Report

A comprehensive report of all test results shall be
presented to the Contractor for his review and comment
prior to printing of the final report.

Triaxial test results shall include, but not be
limited to, the presentation of plots of deviator
stress versus axial strain, pore pressure versus
strain, pore pressure parameter A versus strain.
Both, stress path plots and Mohr envelopes shall
be presented for total and effective stresses, as
applicable.

Consolidation test results shall include, but not be
limited to plots of void ratio versus log of effective
consolidation pressure, and settlement versus the

log of time.

A1l data sheets and back-up calculations not shown
in the report shall be organized in a binder and
submitted to the Contractor.

One sample calculation of each type shall be clearly
presented at the beginning of each set of calculations.
Appropriate references shall be listed.

A minimum of 20 copies of the final report shall be
submitted.

WORK EXCLUDED

Excluded from the scope of work of the Subcontractor is the
procurement of tailings and tailings liquor samples. The
Contractor shall supply these samples in the quantities
requested by the Subcontractor. A written request shall be
delivered to the Contractor within one week of the date of
this agreement.

DEADLINE

The deadline for submission of the final report shall be
February 15, 1981.



Project No. 15141A

Log of Boring No. BH-3

Sheet:1 of . 3

BORING LOCATION ELEVATION AND DATUM
RESERVATION CANYON, UTAH 7142, MSL
DRILLING EQUIPMENT DATE STARTED DATE FINISHED
MOBILE B-80 10-24-81 10-27-81
DRILLING METHOD COMPLETION DEPTH ROCK DEPTH
ROTARY, MUD: SD-300 44" 3.0
SIZE AND TYPE OF CASING WATER TFIRST COMPL. T22 HRS
BOYLER, HQ, 3-9/16" 0.D., 3.6' JeLev. H 1 i
CORE BARREL TYPE LENGTH INNER BARREL: 10°' LOGGED BY
NQ - WIRELINE OUTER BARREL: 13' o ' =
WETEGT SROP 0 3.7' = N. THOMSEN
"N/A N/A N/A 3.7 - 44' = K. MALEK
ROCK CORE 5 SAMPLES
E: > o ES P * E.;?. R
&J ! DESCRIPTION Shetch §39 o Ea azo § E,é g.E EMARKS
B kb ol A
7 GRAVEL, 3 ] Tricone bit
1 GW, brown, medium dense, some sand, 2 F o 37" =3 .61
trace clay T of casing
b & dropped 0.4'
TP SRR . e SIS L TS : 15 of casing out
/
/ LIMESTONE, \ g
7 /’ Very dark gray, very fine\\ 1%
3 - d grained, moderately b .-:
4 weathered with iron oxide
i 4 along bedding, occasional b0 s g o Rried
It calcite filling fractures -+ :
(bedding ?) 30 Fracturing of
B e - core occures
5 Very close to close (<1') along 30%-50%
‘\\\ fracture spacing ,," T dipping planes,
- RV A C NI s PO i ST o e -7 — 1 1 which are
PP 1 4 usually iron
< oxide (hematite)
o T o stained, and
74 -.-5 most likely
o are bedding
I00 o]
E A 1+ 0 planes
O 1]
P P 18|=| +2
. 2
41 LIMESTONE, ‘ ;0_._ &
9 Very close (<1') fracture (bedding), - 15
spacing, moderately weathered, 0
5 iron oxide stain along weathered 902 T
10— bedding - s
J 75% dip calcite filled, very thin 300 d
(<1/16") healed fracture
(B e e et skt i s N B T E A ke e Nl 90%
kWS ?lose (<1') fracture spacing, with _ i circulation
\\iron oxide stain in the fracture /[ 1ost at 11';
Y A T R TIRE e R WS Sl . ) o S /| %
12 | ] had to add
\sbo o d d
1 LIMESTONE, 8 g + some shreade
13 Moderate close (<3') fracture »4 1 RAPEY. IO reqman
spacing I circulation
- T 1 4
14— Thin (<0.5"), iron oxide filled S| T i
fracture (A
RESERVATION CANYON DAM SITE Woodward-Clyde Consultants &
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R ROCK CORE 5 SAMPLES
£ 3 : : HIPMEE
a3l DESCRIPTION, Cont'd Sketch §ae 8 62 §§ 3 g‘i%'g REMARKS
a< -4 cfe |~} Elsam®
[ « —|
15— LIMESTONE, + Coring rate
- Close (<1%) joint spacing, calcite, ) £l o 4 . 6'/83 min.
16 and iron oxide fracture stained Q|
- < <+
| ©0% aip, very thin (<1/16") calcite 2 |
filled fracture .
17 4-------——=-mmmmmmmr—c—smmermem— oo (TS I S e ks ettt
)
1 LiMESTONE, Q2 1 Coring rate
18 = Close (<1.5') joint spacing > <+ 4'/62 min.
1 60% dipping, thin (<1/8") calcite . gg ° 1
19— filled fracture o|® -+
j . T1 )
)| ‘;1
20~ wide fracture (<1") stained with T
4 iron oxide . 4
AN N
21—~ mm s s e m e 1 T PR I S SRS A it
1 LIMESTONE, = T Coring rate
22 — Close (2"-12") joint spacing, aram 1 5'/25 min.
calcite, and iron oxide stained 0 n25.5"
B fractures 05 1 noticed
23— % | . . - caving
[T
1 Very thin (<1/16") fracture healed —» “ o1 b
24| with calcite, dipping V70% oS ‘ 4
S
- VAR L
LIMESTONE, )
25 — Open fracture (Vv1/2"wide) filled D 4 <+
with red silty medium-coarse sand — ]
7 size limestone fragments - [
26 —-mmmm e e e o R PR S SV I PR
4 LIMESTONE, 2 g Coring rate
27 - Moderately close to close (2"-36") 4 10'/34 min.
fracture spacing, moderately
B weathered T
28— S 4
-y o
o
29— —Oxs| +
T
- T +
30 Thin (V1/2"wide) band of red silt S +
4 dip "40° 4
31— °, +
-l L
1
32'-4 1 1 -
5 |
Py
RESERVATION CANYON DAM SITE Woodward-Ciyde Consultants &
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ROCK CORE e SAMPLES
E% DESCRIPTION, Cont'd AR B PMEEE REMARKS
] ‘ t skerch | o#| o | S0)523| 2 £33
°- ¢ ||| E ke
34— . 1
T
- 1 +
e S
35— S PRGN NS PN I S
O =
- +
36 +
7
{ LIMESTONE, o 1 The bedding
37— Thin (v1") band of red silt T A 4 pPlanes are
filling the fracture, and thin approximately
1 (v1/16") calcite band . 1 dipping 40°
I
38'7 Very thin (<1/16") healed fracture = T
§ filled with calcite dip V80° 1 " J
ole
39 — Very thin (Vv1/16") healed fracture \11:1:.:? ST -+
filled with calcite dip V75°
40 7 1
. { . 1 p
. I
41 — “+
] 1
280'-—1
42 - <4
—}90°
43 - Very thin (<1/16") fracture with — 4 Coring rate
iron oxide stain 8'/25 min.
200- -
P R SN RN ARG W S P
. BOTTOM OF BORING @ 44°' 1
- ﬂ-
— L ol
- {
— -

RESERVATION CANYON DAM SITE




APPENDIX D

Runoff Volume Computation

S = 1000 - 10
CN

1)

Where S = maximum pootential difference between direct runoff and

storm rainfall (inches).

CN = curve number

Q= (P -0.25)2/(P + 0.8S)

Where Q = cumulative direct runoff (inches)

P

cumulative rainfall (inches)
Land area of drainage basin (A) = 31,080,060 sq ft
Impoundment area (B) = 3,245,220 sq ft

Curve number (CN) = 60
from equation (1):

S =6.67

(2)



10-yr
100-yr
PMF

1/2 PMF

APPENDIX D
Inflow Volumes for Storms
of Different Recurrence Intervals

Runoff Volume
From Land Rainfall Volume

Portion of Falling Directly Total
Rainfall Drainage Basin On Impoundment Inflow
Depth AQ BR (ft3) Volumes
(R) (in.) Q (in.) 12  (ft3) 12 (£t3)
1.78 0.028 72,520 481,374 553,894
4.40 0.970 2,512,305 1,189,914 3,702,219
10.5 5.31 13,752,927 2,839,568 16,592,495
8,296,248



